Introduction

!
Stroke is the leading cause of acquired disability and mortality in adults worldwide [1] . In the RECOST study on mechanical thrombectomy, the site of the occluded artery (internal carotid artery (ICA), medial cerebral artery (MCA) or basilar artery (BA)), hyperglycemia and initial NIHSS score were identified as prognostic factors for clinical outcome ("CO"), but no correlation with time to recanalization was observed [2] . No influence on "CO" was found for the time interval between symptom onset and time of recanalization, but was noted for grade of recanalization, extent of the initial mismatch volume, and duration of interventional procedure [3] . A recent randomized trial did not identify a favorable effect of a penumbral pattern for "CO" in patients undergoing endovascular therapy [4] . The Defuse trail, however, showed that a mismatch in initial MRI is associated with a more favorable "CO" [5] . In a recent investigation of collateral status and "CO" a significant link was found between these two parameters, so that good collateral status and penumbral tissue may support successful reperfusion [6] . In addition to intravenous (i. v.) lysis, mechanical devices play an increasing role in endovascular stroke therapy [7] . Current nonrandomized studies describe a superiority of mechanical recanalization over i. v. lysis with a reduced mortality of 50 -75 %. Likewise, a favorable mRS of 0 -2 was found in 70 % of patients with MCA occlusions [2, 8] . However, the IMS III trial failed to prove any benefit of mechanical recanalization in a three-month "CO" when compared to i.v. lysis. The authors critically stated that one of the retriever systems used was outdated [9] . However, even recent studies using stent retrievers could not find a significant difference in functional independence with add-on endovascular therapy applied after i. v. t-PA. Thus, the superiority of mechanical recanalization still remains uncertain [9 -11] and further studies are needed to validate this correlation [7, 12, 13] . Moreover, we want to address the impact of recanalization on TICI score and tissue outcome ("TO"), considering percentage mismatch loss (%ML), infarct core and final infarct volume on three-month "CO" (mRS). We believe that the post-interventional "TO", as calculated by %ML on the basis of CT perfusion and control CCT, is more accurate in investigating the efficiency of mechanical recanalization in comparison to TICI score alone. We want to investigate the predictive value of %ML, age, time to recanalization, bleeding and collateralization grade in terms of "CO" (mRS) by regression analysis to define the most predictive parameters for interventional treatment.
Materials and Methods
!
From 04/2010 through 08/2012, research was carried out on patients with acute large artery occlusive stroke at the Department of Clinical Radiology of the University Hospital Muenster. The database for our study included 159 patients: 66 women and 93 men, aged 18 -92 years (mean: 65.6 years). 91 presented with MCA, 30 with BA and 38 with carotid-T occlusions. Mechanical thrombectomy was applied to 151 patients. Penumbra systems were used in 97, pRESET clot retrievers in 48, and 3 D devices (penumbra) in 6 of our cases. Statistically complete datasets could be achieved for 109 patients with minor missing information in two datasets so that regression analysis partly considered 107 datasets ( • " Table 2 ). According to the "guidelines for adults with ischemic stroke", patients were included according to the following criteria: (1) stroke onset within less than six hours (< 6 h) between symptom onset and beginning of interventional treatment, (2) an infarct volume of less than one-third of the MCA territory, (3) CTA-proven proximal cerebral artery occlusion, including M1-MCA, BA and carotid-T, (4) persisting occlusion during the diagnostic part of the DSA [14] .
Diagnostic Imaging
Patients were examined by comprehensive multimodal CT, comprising native CT, CT angiography (CTA) and whole-brain CT perfusion (CTP) performed with our dual source CT equipment (Siemens Definition Flash, Siemens AG, Erlangen, Germany). Non-contrast-enhanced CT (NECT) was used for infarct and bleeding detection. Patients with hemorrhagic strokes were excluded [15, 16] . NECT was performed using a routine protocol (120 kV, 320 mAs, collimation 2 × 20 × 0.6 mm). Images were reconstructed with a slice thickness of 5.0 mm with no overlap using a medium sharp convolution kernel (H30f).
CT angiography
A CT angiogram from the aortic arch to the apex of the skull was obtained after injection of 80 ml of contrast medium at a flow rate of 4 ml/s. CT scan parameters were: 100 kV, care dose 4 d, collimation 2 × 64 × 0.6 mm. Images were reconstructed with a slice thickness of 1.0 mm and an increment of 0.7 mm using a soft convolution kernel (H20 s). 
CT perfusion
For CT perfusion the skull was scanned repeatedly after the injection of 30 ml of contrast medium with a flow of 4 ml/s with the following parameters: 80 kV, 200 mAs, collimation 2 × 64 × 0.6 mm, allowing acceptable image quality using reduced tube current and voltage with respect to the standard protocol. The protocol was used for all patients including those younger than 50 if major stroke was suspected. A range of 90 mm from the skull base to the top of the calvarium was covered with a temporal increment of 1.5 s over a period of 50 s, which is regarded as the acceptable compromise between temporal resolution and radiation dose [17] . Perfusion datasets were reconstructed with a slice thickness of 10.0 mm using a soft convolution kernel (H20 s). Simultaneously, CCT, rCBV and MTT maps were generated for further analysis. A follow-up CCT was performed after 24 hours (+/-8 hours) in order to evaluate the final infarct volume.
Tissue Outcome "TO" (measure: %-mismatch loss "%ML")
The perfusion data was calculated using the VPCT program (Siemens Medical Solutions, Forchheim, Germany). CTP parameter maps (rCBV, rCBF and MTT) were calculated based on least square deconvolution using a mean arterial input function measured in early arterial voxels selected automatically with supervision. rCBV and MTT maps and the post-interventional CCT were imported into the ANALYZE evaluation software for semiautomated slice-by-slice segmentation and measurement of the penumbral infarction volume [18] . The segmentation under visual assessment was made by one reader with manual adjustment of window width for optimal contrast. All cases were validated by an experienced second reader to optimize the segmentation process 
Collateralization
A 3-grade score (1 = high, 2 = middle, 3 = low) as defined by Knauth et al. [20, 21] and further refined by CTA post-processing techniques [22] was used as a reference for the evaluation of collaterals. The scale was defined as: (1) contrast filling being visible from pial collaterals to the M1 segment in CTA and DSA, (2) contrast filling being visible from the periphery to M2 branches in CTA and DSA, (3) only peripheral vascular structures show contrast filling. Table 1 Correlation of following parameters (see below) with mRS (modified Rankin-Scale) in all cases and in vascular territories considered separately (ICA, MCA and BA). Table 1 shows all relevant correlations for parameters being observed in this study with mRS (modified Rankin-Scale) as the clinical follow-up parameter: %ML, infarct core, final infarct, TICI, age, time to recanalization and grade of collaterization. Those correlations were implemented for all cases and for vascular territories separately (ICA, MCA and BA) on the basis of Spearman-Rho. The level of significance was set to *p < 0.05, and high significance levels were set to **p < 0.001. Please note the high correlation for parameters %ML and final infarct. Interventional Radiology 461
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DSA
Anesthesia was performed in the angiography suite using a standardized protocol with a time frame of less than 60 min between CTA and the start of angiography. DSA was performed using a biplane angiography system (Philips, Allura, FD 2020). Post-interventionally, the success of mechanical recanalization was estimated using the TICI score [23] .
Medication rtPA was applied as the initial bolus of 10 mg and then continuously with 10 mg/h i. v. ("bridging dose"). After local i. a. catheter placement, rtPA was given directly into the guiding catheter with a flow velocity of 40 mg/h and to a maximum dose of 0.9 mg/kg body weight. rtPA application was stopped after recanalization. The total applied i. a. rtPA dose ranged from 20 mg to 80 mg. By 24 hours (h) after the intervention, heparin was given at a dose of 15 000 IE/24 h.
Clinical outcome "CO" (measure: modified Rankin Scale "mRS")
At 3 months after the intervention, patients were contacted to score the modified Rankin Scale (mRS). A good outcome was defined as an mRS of 0 -2 and a poor outcome was represented by a mRS of 3 -6.
Results
!
Statistically acceptable data findings considering %ML and mRS were obtained for (107) 109 of the initial 159 patients, because 36 did not receive the full CCT examination needed for the calculation of mismatch, and a further 14 could not be contacted due to the possibility of having moved to a nursing home or another facility. In two patient datas minor errors were detected by statistical evaluation process but did not lead to complete exclusion of the datasets from the evaluation. During angiography, a good collateralization grade was seen in 64/155 patients (41.3 %), a medium grade was found in 40/155 patients (25.8 %), and 51/155 patients (32.9 %) showed the lowest collateralization grade. Regarding the TICI score, 79/158 patients presented with a high TICI grade (3 and 2b), 39/158 with a medium grade (2a and 2), and 16/158 with a low TICI grade (1). In 24/158 cases, mechanical recanalization was not feasible (TICI 0) due to missing access to tortuous supraaortal vessels (n = 14) and reocclusion or failure of reopening the artery (n = 10), mostly occurring due to the usage of more old fashioned devices. The overall recanalization rate reached 74.6 %. The mean time to recanalization was 4:06 h. The mean duration of intervention was 2:30 h. For the penumbra device 2:32 h and for the pRESET clot retriever 38 minutes were measured. Clinically relevant bleeding, which requires control imaging, was found in 20 (12.6 %) patients. In penumbra cases twice as high bleeding Abb. 1 zeigt a die initiale CBV Farbtabelle, b die initiale MTT Farbtabelle, c das Kontroll-CCT mit finalem Infarktvolumen, d das CBV mit Infarktkern, e das MTT mit Penumbra, f eine schematische Darstellung des Infarktzuwachses (rot) und als Konsequenz hieraus die Reduktion der Penumbra (weiß). Achten Sie auf den weißen Bereich (Penumbra), der nach mechanischer Rekanalisation als gerettet angesehen werden kann.
rates 16.5 % (16/103) were detected than in pRESET clot retriever cases 8.3 % (4/48). The median %ML in our data was 19 %. Values ranging from 0 -20 % were defined as a surrogate parameter for successful recanalization in time (correlated to individual collaterals). The 3-month mRS revealed a good "CO" (0 -2 mRS) in 49/136 cases (36 %), a fair outcome (3 -4 mRS) in 42/136 cases (30.9 %) and a poor outcome (5 -6 mRS) in 45/136 cases (33.1 %). Patients in mRS subgroup 0 -2 showed a %ML of 0 -20 % in 69.4 % of cases. The total median %ML of these cases in subgroup 0 -2 was 6 %. In contrast, the median %ML of patients in subgroup 6 was 62 %.
Correlations of parameters (Please use • " Table 1 
Nominal regression model
The nominal regression model with the independent variables %ML, age and bleeding, calculated on the basis of 107 cases, predicted the correct class of "CO" (mRS) for 49.5 % of cases ( • " Table 2 ). In a single nominal regression model for mRS, %ML alone predicted 38.5 % of these cases correctly ( • " Table 2 ). The single nominal regression model for mRS was also constructed separately for the three arterial territories. On the basis of 26 (ICA), 67 (MCA) and 16 (basilar artery) occlusions, a prognostic value of %ML was found for mRS of 53.8 % (ICA), 31.3 % (MCA) and 56.2 % (basilar artery), respectively ( • " Table 3 ). Abb. 5 zeigt die Boxplot Analyse der Korrelation zwischen finalem Infarktvolumen und mRS. Fig. 3 shows the boxplot analysis of the correlation for TICI and mRS in all vascular territories. Better recanalization grades are associated with a better clinical outcome (lower average mRS scales).
Abb. 3 zeigt die Boxplot Analyse der Korrelation zwischen TICI und mRS für alle Stromgebiete. Bessere Rekanalisationsgrade sind mit einem besseren klinischen Outcome assoziiert (niedrigere mRS-Subklassen). 
Discussion
!
The presented positive correlation between tissue outcome ("TO") as defined by %ML or infarct growth and clinical outcome ("CO") as defined by mRS indicates once again that a successful recanalization procedure with ongoing reperfusion is directly related to a better "CO". %ML and the final infarct volume show a stronger correlation than TICI score, reflecting that "TO" in stroke should be based on two principles: perfusion imaging by CT or MRI as initial workup and post-stroke volume imaging of infarct size as a control of stroke therapy, addressing the fact that not only recanalization but also successful reperfusion are relevant factors for good "CO" and should be the final goal of interventional stroke therapy. Moreover, in the nominal regression model, "TO" revealed the strongest impact on "CO", as compared to other variables like age and lysis-related cerebral hemorrhage. Collateral status as measured in our study failed to be a significant factor and was not included in the nominal regression model. This may be due to the fact that CTA and not CT perfusion was used to assess collaterals and that the factor of time invariance was not recorded using CTA instead of 4D-CTA on the basis of CT perfusion data or angiography as performed elsewhere [6] . The recanalization grade (TICI) showed a significant negative correlation to the "CO" (mRS). While no correlation was found between TICI and "CO" in the posterior circulation, significant matches were found for anterior cerebral infarctions, showing comparable values for ICA and MCA occlusions. The same fact was seen with the "TO" (%ML) and mRS, where this correlation was not significant for the basilar region, but highly significant for the anterior circulation. In contradiction to these findings, the volume of final infarct and "CO" (mRS) shows a significant correlation for both the anterior and posterior circulation. Furthermore, the regression analysis revealed a strong influence of %ML on the mRS in patients having suffered from basilar artery occlusion.
Thus assessing posterior circulation occlusions with CT perfusion for predicting clinical outcome is more doubtful than assessing anterior circulation occlusions in the recent setting of stroke CT, because the higher density or concentration of clinically relevant structures in the brain stem may result in larger effects of rather small lesions than in the anterior circulation. Most publications used the recanalization on the arterial level versus "CO" as the endpoint and did not calculate "TO" to estimate the effect of recanalization on the brain's parenchyma [7] . In our study we found a prognostic value of %ML in terms of "CO", showing that recanalization cannot automatically mean complete reperfusion and scientific workup should be reconsidered [24] . Together with age and the existence of bleeding, %ML could explain the variability in mRS in about 50 %. Especially the results in patients who scored mRS 1 and 6 can be predicted by %ML with high reliability. After pre-selection of the patients by the above multimodal stroke imaging and by excluding patients without penumbra, we can predict that a mean %ML of 19 % or less is sufficient to result in a smaller infarct and a better clinical recovery. Our study showed no correlation between time to recanalization and "CO" (mRS). This matches the findings of other studies also describing a missing relationship between time to recanalization and "CO" but contradicts the data of large controlled studies for i. v. lysis therapy [2, 25] . The missing correlation between time to recanalization and "CO" in this study can be due to a selection effect of patients with mismatch for recanalization therapy, detected by perfusion CT imaging, and followed by fast recanalization. In extensive trials of i. v. lysis, time to recanalization does influence the "TO" as expected by the existing data, where native CCT was the basis for treatment decision. The length of intervention and existence of postinterventional hemorrhage vary in our datasets depending on the use of different devices for recanalization. Our results indicate less sufficient performance of penumbra devices. Both the length of intervention and the rate of postoperative hemorrhage are worse than that of the pRESET clot retriever. In a multimodal stroke CT setting, radiation exposure has to be considered to be as low as reasonably achievable. The grade of temporal resolution defines the number of scan repetitions and should be tested in the clinical condition. Temporal resolutions up to two seconds can still be diagnostic [17] . We selected 1.5 s as the ideal compromise between acceptable temporal resolution and radiation exposure. Replacing the CTA by a CTA being reconstructed from CT perfusion data (VPCTA) should be the next step to reduce radiation exposure in a multimodal CT stroke setting as the diagnostic value of VPCTA is comparable to the standard CTA technique.
Conclusion
!
Our results indicate that more than a successful mechanical recanalization, a low %ML or low final infarct volume as a surrogate parameter for successful reperfusion, representing a good "TO", is highly relevant for a good "CO" after interventional stroke therapy. Further efforts in developing DSA tools are needed to assess tissue parameters for reperfusion under interventional conditions. Apart from the final infarct volume, post-interventional %ML based on the penumbra concept is the most exact parameter for classification of mRS (0, 1, 2, 3, 4, 5, 6 ) by %ML according to nominal regression models, each for ICA, MCA and BA. Table 3 shows the classification of mRS calculated with nominal regression models based on % ML as only independent variable for each vascular territory separately. The percentage predictability of good outcome (mRS 1) and poor outcome (mRS 6) is remarkably strong for ICA and basilary artery occlusions regarding the factor %ML.
Tab. 3 Vorhersage der Klassifizierung von mRS (0, 1, 2, 3, 4, 5, 6) für ICA, MCA und BA durch %ML anhand einer nominalen Regressionsanalyse. Tab. 3 zeigt die errechnete Klassifikation des mRS durch die nominale Regressionsanalyse, basierend auf %ML als alleinige unabhängige Variable. Diese Analyse wurde für jedes Gefäßareal separat durchgeführt. Die prozentuale Vorhersagbarkeit der guten Outcomes (mRS 1) und schlechten Outcomes (mRS 6) in Bezug auf den Parameter %ML ist bemerkenswert hoch für ICA-und Basilarisverschlüsse. 
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"TO". %ML of 20 % could be defined as the border between favorable und unfavorable outcome in our study. This should be the basis of scientific stroke investigation for the anterior circulation, irrespective of the presence of ICA or MCA occlusion, but not for basilar artery occlusion to date. Age, presence of bleeding and %ML together can statistically predict "CO" in 41.7 -72.7 % of our cases in the group mRS 0 -2, where %ML itself can explain the variability in mRS in 38.5 % of our cases. Especially the good (mRS 1) and poor (mRS 6) "COs" are predicted by %ML with high precision.
Clinical relevance
▶ %ML as well as the final infarct volume can make a direct point about the effect of successful mechanical recanalization and it is crucial for the subsequent clinical condition.
▶ The clinical outcomes are predicted by %ML with high precision, reflecting the need for escalation therapy including interventional reopening of parent vessel occlusions.
▶ Small tissue loss, as evaluated by perfusion CT in %ML and final infarct volume, indicated better "CO" after mechanical recanalization than TICI score, showing that not recanalization itself, but reperfusion should be regarded as a surrogate parameter for successful stroke therapy.
